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1.0. Introduction

1.1.Background

The McGoverri Dole International Food for Education andhi@ Nutrition ProgramNIGD),
one of the Foreign Agricultural Serviceos
education, child development and food security in-loeome, fooddeficit countries throughout
the world. Tke program is named in honor of formembassador and.S. Senator George
McGovern and formeld.S. Senator Robert Dole for their efforts to encourage a global
commitment to school feeding and child nutrition.

The key objective of the MGPprogramis to improve literacy of primary scheabe children,
especially for girls. By providing school meals, teacher training and related support, MGD
projects helgenhanceschool enroliment and academic performance. The program also funds

supplementary activii es t hat promote childrends health

€ a

a

support childrends school enroll ment, attenda

instruction received.

The MGD program was first authorized in the Farm Security amdl Rwestmat Act of 2002

(P.L. 107171).The 2014 Farm Bill reauthorized the program through 2018. USDA is currently

funding 29 McGoverii Dole projects in 23 lonwincome, fooddeficit countries thsughout the
world. McGoverri Dole projects aremplementedvorld wideby nonprofit charitable
organizationsgooperatives, the United Nations World Food Program and other international
organizations.

The present study is part abroader evaluation and research effort to: (1) support the MGD

programds abil ity to use rigorous evide-makmg evalu

to improve program outcomes; and (2) help the program identify key gaps in the knowledge base

on what interventions are successful in improving literacy and redbamger.This study

builds on three research efforts: a thorough intervention mapping analysis of the MGD program

over a fiveyear period (2002013); a comprehensive annotated bibliography of the
programmatic and policy topics of relevance to MGD prograterventions; and a proposal for
selecting research topics firee systematic revieves the international literature on the impact

of education program interventions in developing countries with particular relevance to the MGD

program.

The first topicselected for systematic review focused on assessing the effects of school feeding

interventions on educational outcomé&ke present systematic review and rraetalysis
considerdhealth interventions and their educational and health outcomes.



1.2. Ratiomale for Selection

1.2.1. Health Interventions and the MGD Results Framework

The rationale for selectingealth interventions and educatioaallhealthoutcomess fourfold.

Firsta pri mary MGD objective i s #i(MgSoverrDeldé st uden
Program, 2009)According to the MGD theory of changecreased use of health and dietary
practicedeads tamproved literacy of schoedge children through reduced heaithated

absences and therefore improved student attendance.

Secondthe 20092013MGD intervention mapping analysisdicatesthatbetween onghird and
onehalf of all MGD programs included a health and nutrition component over the past five years
(Tablel.1).

Table 1.1: MGD Programs Targeting Health and Nutriion Outcomes: Average 2009
2013

Results Framework Outcome Programs Targeting Outcome (perce
Improved Knowledge of Health and Hygiene 42
Practices
Increased Knowledge of Safe Food Preparatio 52
and Storage Practices
Improved School Infrastructure 52
Increased Access to Clean Water and Sanitatic 40
Services
Increased Access to Preventative Health 29
Interventions

Source: Intervention mapping analysis

Third, the literatureon healthoffers experimental and quaskperimental evidence from whidh
is possible to draw conclusions about what programs are likely tq asrkeasured by their
impact on educationand healtroutcomes

Fourth from this growing body of literature, it is possible to sketch a reasonable consensus on
some of theseutcomes, draw some lessons learned and their policy implications, and identify
areas for further investigation to help close the evaluation gap.

1.2.2. Health Interventions ConsideredCausal Pathways and Outcomes

Based on a thorough literature reviemdan annotated bibliography prepared as part of a
broader research effort smpport MGI® ability to identify what interventions ameost
successful in improving literacynd reducing hungeilhe annotated bibliography was based on
a set of researafuestions with relevance to the MGD theory of changegsystematisearch



for published information to locate as much existing material on these research questions as
possible Of the health programs considered, three major interventionsseleeedor in-depth
analysis: malaria; water and sanitation for health; and deworming. The rationale for selecting
each the three interventions is detailed belmgether with its causal pathways and outcomes

1.2.2.1. Malaria

Malaria, a serious disease caubgd parasite that can infect a certain type of mosquito which
feeds on humans. In the human body, the parasites multiply in the liver, and then infect red blood
cells. If not treated immediately, malaria can quickly becomehifeatening by disruptintpe

blood supply to vital organs. Symptoms of malaria include fever, chills, headache, sweats,
fatigue, nausea and vomiting. The symptoms usually appear between 10 and 15 days after the
mosquito bite.

According to the latest United Nations Millennium Dieyanent Goals Repo(United Nations

2015) malaria continues to pose a major public health challenge, with an estimated 214 million
cases and 472,000 deaths globally in 2015. The disease is still endemic in 97 countries and
territories around the worldccording to UNICEFan estimated 3.3 billion peopége at risk of
malaria, ofwhich 1.2 billion are at high risk. In highisk areas, more than one malaria case
occurs per 1000 populatioklalaria kills a child somewhere in the world every 30 seconds. It
infects 3®-500 million people each yearkilling 1 million, mostly childrenin Africa

(UNICEF, 2013.

The vast majority of malarial infections in children are uncomplicated, febrile episodes from
which they make an apparent complete recovery whatetteYoung children bear a

considerable burden in terms of malaria morbidity and mortality (World Health Organization,
2005).For examplemalariais an important cause ahemia(Geerligset al. 2003;Kassebaum,

et al., 2014; Menendez et al., 20@&kyvall, 2003; Price et al. 201Quintero et al., 2011;

Korenromp et al., 200£&hrhardt et al.; 2006 Anemiaand associated emorbidiiesaremost
concentrated among peehool childrenbut schootage children also sufférom ther effects,
resultingin school absenteeisr@hronic anemia is linked to increase infectiBrolonged and
repeated illness may result in school absences for significant lengths of time. School attendance
can be affected when other members of thalfabecome ill with malariagirls in particular

may be kept at home to help out. The adverse effects on schooling are likely to go far beyond the
number of days lost per year, as absenteeism increases failure ratégnmegetchool years,

and droput rateg all of which can hder efforts to improve literacy rates and stall the progress

of education systen{&nnoso et al., 1988; Trape et al., 1993; Brooker et al., 2000; Bundy et al.,
2000).

Repeated @mlariainfectionh as been f ound t o opporturgtycand apilityitomp a c t
learn(Sachs & Malane)y2002; Fernando et aR006; Bundy2011, Ennoso et al., 1988; Trape et
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al., 1993; Brooker et al., 20pMalaria has been hypothesized to have lifeloagativeeffects
on learning ability and cognitivdevelopmentue to repeated missed days of sclamulgeneral
overall poor healtlfiRowland et al.1977; Schiff et a).1996;GrantharaMcGregor 1991). For
example, childremvho are repeatedly infected withalaria are found to have poorererall
health ad nutritional status than childrevho are not infected. Poor nutriti@pecifically low
levels of micronutrientslirectlyimpair brain development.

In consideration of both the direct and indirect consequesfaeslaria onyoungchildren,
combating mharia is a priority for many governmerdad donor organization¥here are still
many questions about which malaria interventions have the bedierusfit. The Copenhagen
Consensus Center is a think tank ikatevoted to uncovering tlsenartessolutions for the
world's biggest problem$pecifically, the Copenhagen Consensus seeks to uncowsrsthe
benefitof 6smart and sSustainabled solutions

The2012Copenhagen Consensus ranked 30 possible interventions, including education for girls,
malaia prevention and treatment, rural water supply, microfinance, and HIV combination
preventionin order to best codienefit ratio Guided predominantly by consideration of

economic costs and benefits, malagnbinationtreatment was ranked as thecondest

intervention overallThis decision was based on the finding thatctietbenefitratiowas not

only one of the best returns among infectious disease interventions but also one of the best
returns consistently seen across the globe:

AThus s midionm gear on The Subsidy for Malaria Combination Treatment
would prevent 300,000 child deaths, with benefits, put in economic terms, that are 35
times higher than the costs. This analysis suggests it is one of the best returns on health
thatcoul b e ma d gCogehhadgemCohsgndus, 2012).

Based on the results from the 2012 Copenhagen Consénswsdear that the question of

whet her school based mal aria interventions ha
intervention shouldwa s e ? 6 . There i s promising emerging
interventions coupled with water and sanitation programs (WASH) and Neglected Tropical

Diseases (NTDs) (.,e.d@or mi ng) may not only improve child
The Bill and Melinda Gates Foundation is actiywv
Challengeso (Round 14) mechanism that? evaluat

! Studies are conducted by more than 100 economists from internationally renowned institutions, including seven
Nobel Laureates, to advise policymakers and philanthropists on how to spend their money most effectively. The
goal of the Copenhagen Consensugqmut is to set priorities among a series of proposals for confronting the greatest
global challenges. For more informatidnttp://www.copenhagenconsensus.com

% http://gcgh.grandchallenges.org/challemgst-waysworking-togetherintegratingcommunitybasedintervention
round14
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1.2.2.2. Water and Sanitation for Health

Water and sanitation for healfWASH), dso referred to as water supply and sanitati@s two

major dimensions: (1) improved sanitation facilities, defined by the WHO/UNICEF joint
monitoring program for water supply and sanitation as one that hygienically separates human
excreta fromhuman contact; and (2) improved drinkingter source, defined as one that, by

nature of its construction or through active intervention, is protected from outside contamination.
An improved drinking water source is defined as a facility or delivery plagttprotects water

from external contaminatioinparticularly fecal contamination. This includes piped water into a
dwelling, plot, or yardpublic tap or standpipe; tulveell or borehole; protected spring; and
rainwater collection. An improved sanitatitacility is one that hygienically separates human
excreta from human conta@®HO/UNICEF,2015.

According to WHO and UNICEFfmor e t han 32 percent of the wor
people) lacked improved sanitation facilities, and 663 million |gestill used unimproved

drinking water sources in 2018 nited Nations 2015) Improved access to safe water and

sanitation services and improved hygiene practices are critical in the prevention and care of 16 of
the 17 neglected tropical diseases, intigdrachoma, soitransmitted helminths (intestinal

worms) and schistosomiasis or bilharziaghected tropical diseasaffect more than 1.5 billion

people in 149 countries, causing blindness, disfigurement, permanent disability and death
(UnitedNations 2015)

The United Nations estimatésat more than 340,000 children under figgmost 1,000 per day)
die annually from diarrheal diseases due to poor sanitation, poor hygiene, or unsafe drinking
water(United Nations, 2015Nearly 1 million deaths peyear from diarrhdadiseases alone
could be prevented by improved water, sanitation and hygraoe water, sanitation and
hygiene are major contributors to neglected tropical disesasdsaschistosomiasis and
trachoma, which affect more than 1.9ibih people every year.

Poor water, sanitation and hygietanditions do not affect only child health; they also have
deleterious effects on educational performance. Their impact on school attendance, learning and
cognitive development has been documerisee, for instanc&reemaret al, 2011;Blanton et

al., 2007,0 6 R eat &l.] 2008Mwanri et al., 2001; Talaat et al., 2Q1INICEF, 2010;

Dreibelbis 2013 Matheganaet al, 2003 WHO, 2003. The practice of open defecation is also

linked to a higher risk of stuntirigor chronic malnutritioi which affects 161 million children
worldwide, leaving them witlbognitivedamagehat affects learning for prechool and schoel

age childrer(CDC,n.d).

Children who lack access to improved water, sanitation and hygiene are also more likely to
contract intestinalvorm infectiongP r ¢, ssst ¢, et al.2008) As discussed in the next
section, intestinalvorm infectiongresulting from poor water, saation andhygienecan cause
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diarrheaanemia and similar health effecigth negative implications oanrolment and
attendance, reduced class repetition, and increased educational attainment.

1.2.2.3. Deworming

According to the World Health Organizai, approximately 2 billion people are infected with
soil-transmitted helminths worldwid&Vorld Health Organization, 2015Faused by different
species of parasitic wormsiktransmitted helminth infections are transmitted by eggs present
in human feceswhich contaminate the soil in areas where sanitation is poor. Over 270 million
preschoolage children and over 600 million scha&ge children live in areas where these
parasites are intensively transmitted, and are in need of treatment and preveartreations.

The Copenhagen Consensus 2€f¥&edfi dworming and other nutrition programs in sclacasd

the sixth best intervention overall. In the Copenhagen Consensusi?@1 wor mi ng of s c'l
children to i mprove educ ankadourth amorgri@lpridritgal t h o u
interventiongCopenhagen Consensus, 2012)

Deworming programs are relatively easy to implement in school settings. Teachers need only a
few hoursof training to understand the rationale for deworming, and to learn how to give out the
pills and keep a record of their distributi@eworm the Worlgd2010).

WHOGs gl obal target i s iransnetted heimimiaases in ohidrel i di t vy
by 2020. This wauld be obtained by regularly treating at least 75 percent of the children in
endemic areas (an estimated 873 million).

Soil-transmitted helminth infections can cause a range of symptoms, including intestinal
manifestations (diarrhea and abtdoal pain), general malaise, and weakness. Hookworms cause
chronic intestinal blood loss that chave adverse effects amemiastatus growth, and physical
developmen{Crampton, 2000; de Silva et al., 20@8)ssaet al, 2001; Garget al, 2005;

Awathi et al., 2000; Nga et al., 2008ur et al., 2005; Le et al., 200Theyalso impair the
nutritional status of children, with a significant impactasiucational outcomg8ethony et al.,
2006; Sakti et al., 1999; Callender et al., 1998; Simeon et 86, Miguel & Kremer, 2004;
Stephenson et al., 199%Fince the most disadvantagaxhool children- such as girls and the
poor-- often suffer most from Hhealth and malnutrition, they would gain the most from
deworming. (Bundy et al., 2009; TaylBobinson, 2012; World Bank, 2011; World Bank,
2015).

1.3. Organization of the Report

This report containBve sectionsincluding this introductionThe nexsection describes the
objective of the study and its methodology. Sea®H present an kalepth discussion of the



empirical evidence derived frothe three major health interventions conducted in school
settings:malaria,water and sanitation for health, atelvorming Based on a separate systematic
review and metanalysis, each section presents major findings, followed by summary and
conclusions, limitations of thindingsfor each intervention, anchplicationsfor possible future
researchDetailed technical datased to derive findings are provided as annexes to the report.

The deworming investigation relies on an existing ragtalysis in the Cochrane Collaboration
review series (TayleRobinson et al2012) and the debate on the impact of deworming that
followed its publication. The other two mesmalysesrfalaria, andvater and sanitation for
health) were conducted specifically for this study.

2.0. Objective and Methodology
2.1. Objective

The purpose of the preseghteesystematic reviewand metaanaly®sis to investigate thekely
causal impact omalaria, water and sanitation for health, and dewornmtggventions on
educational antealthoutcomes for preschool and primargchootagechildren, andheir
implications forpossiblefuture researcHiredions

2.2. Methodology

2.21. OutcomesConsidered

Studies that investigatmalaria, water and sanitation for health, and dewornmtggventions in
relation to educationand healtroutcomesre consideredBased orthe analysis in Section
1.2.2 ancadetailed annotated bibliography prepared prior to these-amgtigses, @ucational
outcomes includschool participation (enrollment, attendance/absenteeism, dropout, and
repetition); learning achievement (standardized math test seoesfandardizedguage test
scores); and cognitive development (verbal fluency, memory, and reasdhajop health
outcomes includeanemia/hemoglobin status, and incidence of malaria (for maland);
presence of E.coli, number of sick days, and number of sick styflantgater and sanitation for
health). The outcomes for deworming are those used ifidyler-Robinson et aimetaanalysis:
weight gain, height gain, hemoglobin levahdphysicalwell-being(Taylor-Robinson, 2012)

Literacy has not been used as an outcome measure in the literature under consideration because it
has proved to be a complex and dynamic concept, continuing to be interpreted and defined in a
multiplicity of ways. As suchijteracy has expanded from a simple process of acquiring basic

cognitive skills, to using these skills in ways that contribute to secomomic development, to

developing the capacity for social awareness and critical reflection as a basis for pexsonal an

soci al change. Reflecting this complexity, UN
odparticularly the cognitive skills of reading
writing and numeracy skills for effective functioning and depeient of the individual and the
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c o mmu UNESCQ 2006). It should, however, be noted that the mditnensional nature of
literacy in this definition is captured in at least two of the three categories of outcome measures
(learning achievement, and cdtive development) used in the literature reviewed for this study.

2.2.2. Geographic Coverage

Only studies pertaining to developing countries are incldded.

2.23. Timeframe

The literature search was mainly, but not exclusively, based on studies published-202600
Studies conducted before 2000, but published in 20® were included. Earlier studies
considered as pioneers and/or especially relevant were also considered.

2.24. Target Groups

Pre-primary and primanschootage children are the focus of the investigafion.

2.25. Study Language

Studiesarenot excluded on the basis of language.

2.2.6. Search Sources

The studies reviewefr the malaria and water and sanitation for health raptdysesvere

identified through a systematic search. The search covered both general and specialist sources
pertaining to education, economics, nutrition and health. They incluegtbeic sources and
journals,websites of research centers and gray publications (unpublished studies, including
studies found through the World Bank, and the Abdul Latif Jameel Poverty Action Lab at MIT).
Citation tracking and examination of the body of work of reléuaftuential authors were used

to identify studies meeting the inclusion criteria used @séheviews. Electronic searches were
conducted on papers cited in other papers already included in this review as well-as cross
checking of references cited irhet metaanalysis papers that includedalth interventions in a
school settingCitation searches were als@onducted using Google Schalar for related

systematic reviews and relevant impact evaluations. Such impact evaluations and systematic
reviews (andhe citations therein) were screened for relevance using the screening criteria
describedelow.

% Developing countries are characterized as such based on the classification used in the International Monetary Fund
World Economic Outlook for 2014.

* The malaria and WASH metmnalyses focused exclusively on interventions conducted in school settings. The
deworming metanalysis conducted by Tayl®obinson (2012) extended coverage to children recruited from
communities and health facilities.



2.2.7. Evidence Considered and Estimation Methods

2.2.71. Screening Criteria

Only the empirical literature thabntains the most rigorous evidence ughmgstrongest

methodology for identifying causal impacts was considdmepact evaluations quantify the

effects of programs on individuals, households, and communities. They show whether the

changes observed are indeed due to the program interventiootaiodother factor@handker
etal,2010).l mpact evaluations are fianal yses that me
particular group of people that can be attributed to a specific program using the best

methodology available, feasible and apprafarito the evaluation question that is being

investigated aah to the specific conteat ( | n t enitiatigetfar lonpaat IEvaluatior008).

T h e gompare the outcomes of a program against a counterfactual that shows what would have
happened to beneficias without the program. Unlike other forms of evaluation (such as
Operformance evaluationsd), they pertothg t he a
program being evaluate@World Bank n.d.)

Attribution is different from association between the intervention and outcomes that may have
been affected by other contextual fact&galuating the impact of an intervention hinges on a
fundamental question: What would the situation have been if tBev@mtion had not taken

place. While descriptive monitoring leaves ample room for differing interpretations of how much
the identified change can be attributed to the intervention, impact evaluations rely on more
sophisticated methods to disentangle tbiegains from that intervention.

Impact evaluations randgeom randomized designs to quasiperimental models. There is
consensus tha&xperimental design ihe best evaluation methothis method is usetd

determine what would have been the outcohaebsthe beneficiaries not participated in the
program, in which beneficiaries (called intervention or treatment group) are randomly selected
from a set of communities with similar characteristics. Subjects not randomly selected for the
intervention form aounterfactual (called comparison or control group). Randomized controlled
trials (RCTs), the gold standard by which scientific evidence is evaluated, can be either double
blind trials, an experimental procedure in which neither the subjects nor thensxpteris know
which subjects are in the test and control groups during the actual course of the exgesiments
singleblind trials, an experimental procedure in which the experimenters but not the subjects
know the makeup of the test and control groupgndithe course of the experiments. The

control may be a standard practice, a placebo, or no intervention at all.

Ideally, all variables in an experiment will be controlled. In such a controlled experiment, if all
the controls work as expected, it is pbsito conclude that the results of the experiment are due
to the effect of the variable being tested. More generally, experimental design enables the
investigator to make claims of the following nature: The two situations were identical until the
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intervertion was introduced. Since the intervention is the only difference between the two
situations, the new outcome was caused by that intervention.

Quastexperimental designs are used when all the necessary requirements to control influences of
extraneous v@ables cannot be met, most particularly when randomization is not possible for
political, ethical, or logistical reasons. When the subjects cannot be randomly assigned to either
the experimental or the control group, or when the researcher cannot ednttolgroup will

get the treatment, participants do not all have the same chance of being in the control or the
experimental groups, or of receiving or not receiving the treatrent.

While RCTs have préest and postest data for randomly assigniediervention and control
groups, quasexperimental design studies develop a counterfactual using a comparison group
which has not been created by randomization. To develop the counterfacasaéxgperimental
studies use statistical techniques to craatemparison group that is matched with the
intervention group in socioeconomic and other characteristics, or to adjust for differences
between the two groups that might otherwise lead to inaccurate estimates. The goal of such
statistical techniques is fimulate a randomized controlled tffaQuasiexperimental methods
include the following:

1 Differencein-Difference (or Double Difference): An increasingly popular method to
estimate causal relationships, this technique compares the-bafbaéter diference for a
group receiving the intervention to the befaffter difference for those who did not.

1 Matched comparisons: An analysis in which subjects in a treatment group and a comparison
group are made comparable with respect to extraneous factardigdually pairing study
subjects with the comparison group subjects.

1 Instrumental variables: Have been used primarily in economic research, but have
increasingly appeared in epidemiological studies. They are used to control for confounding
and measuremeerror in observational studies, allowing for the possibility of making causal
inferences with observational data and can adjust for both observed and unobserved
confounding effects.

1 Judgmental matching of comparison groups: A statistical method tludt@svcreating a
comparison group by finding a match for each person or site in the treatment group based on
t he r e sjulgmentabaitrwhat variables are important.

1 Propensity score matching: Statistically creating comparable groups based on sis ahaly
the factors that influenced peoplebs propens

® Following the literaturethe event for which an estimate of the causal effect is sought is takgahent The

outcomds what will be used to measure the effect of the treatriiéettireatment and control groups do not

necessarily need to have the sameiptervention conditionsThe two groupsnay well have different

characteristics. However, many of those characteristics can reasonably be assumed to remain constant over time or
at least over the course of an evaluation.

® For details on all these evaluatiotrethods, see for instance Khandker et al., 2010; and Gertler et al., 2011.
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common implementation of propensity score matching istotome or pair matching, in
which pairs of treated and untreated subjects are formed, such thhethatibjects have
similar values of the propensity score.
1 Regression discontinuity: An analysis used to estimate program impacts in situations in
which candidates are selected for treatment based on whether their value for a numeric rating
exceeds a degigted threshold or cuiff point. The analysis consists of comparing the
outcomes of individuals below the eoftf point with those above the eaff point.

2.2.7.2. Exclusion Criteria

Studies that did not meet the inclusion criteria listed aljoetuding studies that did not have a
control group) were not considered.

2.27.3. Statistical Analysis Methodology

Data in the studies reviewed were analyzed through-aretsis’ Meta-analysis is the

statistical combination of results from those sefestudies. It can be used to generalize from

the sample of studies based on different assumptions about the distribution of effects. Such a
combination yields an overall effect size, a statistic (a quantitative measure) that summarizes the
effectivenes®f the interventions compared with their control interventfons.

The Comprehensive Mefanalysis software, a computer program for raatalysis, was used to
estimate effect size$he random effects metmnalysis methodology was used to derive
estimates.Unlike the fixedeffect metaanalysis, which assumes that the treatment effect is

’ According to the Campbell Collaboratienan international research network that produces systematic reviews of

the effects of social interventions in crime and justice, edutatiternational development, and social welfare

the objective of a systematic review is to Asum up the
synthesizing the results of several studies. A systematic review uses transparedt@s to find, evaluate and

synthesize the results of relevant research. Procedures are explicitly defined in advance, in order to ensure that the

exercise is transparent and can be replicattegheé St udi es |
findings of a |l arge number of studies can be combined.
research topic. For instance, the U.S. Department of H

critical assessmenhd evaluation of all research studtbat address a particular clinical issue. The researchers use

an organized method of locating, assembling, and evaluating a body of literature on a particular topic using a set of
speci fi chttpe/effedtivehealthcaré.ahng.gov/index.cfm/glossairy
terms/?pageaction=showterm&termids;7&ccessed 5/9/2015).

8 The effect size is a generic term for #stimate of effect of treatment for a study. It is a dimensionless measure of
effect that is typically used for continuous data when different scales are used to measure an outcome and is usually
defined as the difference in means between the intervesatidicontrol groups divided by the standard deviation of

the control or both groups, where the standard deviation is defined as the spread or dispersion of a set of
observations, calculated as the average difference from the mean value in the samite.i{Stsmce, Cochrane
Community,http://community.cochrane.orgiccessed 5/9/2015).

° This selection follows the international development raetalysis literature (see, for instance, TayRmbinson,

2012,the deworming metanalysis reviewed as part of this study). More generally, when studies are gathered from
the published literature, especially when those studies are characterized by methodological diversity and involve
diverse groups of subjects, trendom effects model is a more plausible match. Methodological diversity creates
heterogeneity (i.e., variation across studies) through biases variably affecting the results of the different studies. The
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common across all studies and that differences in study findings are due to sampling error, or
chance, only (Riley et alk011), randoreffects metaanalysis estimates tlaerage effect

across studies, allowing for differences due to both chance and other factors which affect
estimates- such as study location, characteristics of the target population and length or intensity
of the treatment. For this reason, the randdi@cts confidence interval in randeeffects meta
analysis is wider than that estimated in a feediect metaanalysis, reflecting a more

conservative estimate as a result of the additional uncertainty around the estimate.

Study weights are also more balanced under the rawafi@ets model than under the fixed

effect modelUnder the fixeeeffects modelit is assumed that the true effect size for all studies

is identical, and the only reason the effect size varies betwedirsis sampling error (error in

estimating the effect size). Therefore, when assigning weights to the different studies under the
fixed-effect model it is assumed that we can largely ignore the information in the smaller studies
because we have bettaformation about the same effect size in the larger studies. By contrast,

our objective under therandeenf f ect s model i s not to esti mate
estimate the mean of a distribution of effects to ensure that all these effeetrsirgsresented

in the summary estimaté.

2.27.4. Limitations of the Analysis

2.2.7.4.1 Assessment of Publication Bias

The presence of bias in the extracted diatéhe malaria and WASH interventidnsvas

evaluated graphically by using the funpel ot and Egger 6s r el®97pssi on t
To reduce publication bias (a situation that, for instance, may lead journals to prefer studies with
positive effects), the search was broadened tothgonorb | i shed figrey | iterat.t
conference proceedings, technical reports, dissertations, and tHese=zer, no attempt was

made to assess publication bias through sensitivity analysis for outliers (defined as any study

which differed markedly from the overall pattern) or through imjnadf missing studies by

using Atrim and f il |, 2000%-raadngitigity analysiOmethadithat& Twe e d
extends beyond the scope of this study.

randomeffects estimate and its confidence intengdrass the question of the average intervention effect in those
studies (see, for instance, Borenstein, 2010, Higgins, 2014; Alison 2010).

1 This is equivalent to saying that we cannot discount a small study by giving it a very small weight (the way we
would in a fixedeffect analysis). Since our objective is to estimate the mean effect in a range of-stadiewe do

not want that overall estimate to be overly influenced by any one of-theecannot give too much weight to a

very large study (the waye would in a fixeeeffect analysis) and give too little weight to the estimate provided by
a small study because that estimate contains information about an effect that no other study has estimated (See, for
instancehttp://www.metaanalysis.com/downloads/Metmalysis%20Fixe@ffect%20vs%20Random
effects%20models.pdéccessed 6/10/2015).

1 A standard assessment of publication bia, of bias in the included studies, and heterogeneity for deworming
was conducted in the Tayl&tobinson et al. (2012) metmalysis.
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Anot her method of assessing the potsafeN Dal f or
the number of studies whose effect size is zero or negative that would be needed to increase the
P-value for the metanalysis to above 0.05 (or any other selected threshold). However, the

Cochrane Handbook for Systematic Reviews of Interventionshoteat @At hi s and ot h
are not recommended for us e 2014). (FOoraddiionA ne r evi e
information on publication bias, see Anr&x f or det ai l ed funnel plots
texts associated with each pooled effer¢ gstimated in ghmalaria and WASH metanaly®s,

see Annex.)

2.2.7.4.2 Assessment of Risk of Bias in Included Studies

The Cochrane Collaboration recommends a specific tool for assessing risk of bias in each
included study and across studies. The assessment consigidgrhantand a support for that

judgmentt or each entry i n a #Ar i s kessesfaspedifiafeaturetofa b | e,
the study. Thgudgmentt or each entry involves assessing t
ri sk, o or fAunclear risk, o with the | ast categ

over the potential for biagsssessment of risk of bias includes sequence generation (checking for
possible selection bias), allocation concealment (checking for possible selection bias), blinding
in RCTs (checking for possible performance and detection bias), incomplete outcome data
(checking for possible attrition bias through withdrawals, dropouts or protocol deviations),
selective reporting bias, and other sources of bias.

As for publication bias, a detailed assessment of risk of bias for each study included in the meta
analysis $ beyond the scope of this investigation.

2.2.7.4.3Heterogeneity and Stratified Analysis

We addressed heterogeneditythe malaria and WASH metmalysedy use of randoreffects
metaanalysis (see Sectidh2.7.3 andpredefined subgroup analyseieteogeneity is used to
describe the variation in, or diversity of, participants, interventions, and measurement of
outcomes across a set of studies. In a statistical sense, it is used to describe the degree of
variation in the effect estimates from a sestoidies. It is also used to indicate the presence of
variability among studies beyond the amount expected due solely to chance. Heterogeneity in
metaanalysis is measured by 12, a statistical expression of the inconsistency of the results in the
studies reiewed. For example, a megmalysis with I2 = 0 means that all variability in effect size
estimates is due to sampling error within studies. On the other hand,-amastsis with 12 = 50
means that half of the total variability among effect sizes isethnot by sampling error, but by
true heterogeneity between studies. According to thé@oe Handbook (Higgins, 2014)

rough guide to the interpretation of I2 is as follows:

1 0% to 40%: might not be important;
1 30% to 60%: may represent moderagterogeneity;
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1 50% to 90%: may represent substantial heterogeneity;
1 75% to 100%: considerable heterogeneity.

We visually examined the forest plots from the rraatalyses to look for any obvious
heterogeneity among studies in terms of the size or theidimexf treatment effeciA forest plot
is a graphical representation of the individual results of each study included in-amalysis,
together with the combined medaalysis result. The plot also allows researchers to see the
heterogeneity among thesults of the studies.

We used thé? statistic test to quantify the level of heterogeneity among the studies in each
analysis. We explored the identified heterogeneity by subgroups of participants, treatments, and
outcomes. (Forest plots arfdtatistics for all interventions and outcomes measured can be found
in Annex4.) The stratified analysis focused on individual outcomes by intervention; outcome
category and individual outcomes within each category; and gender, when data were available.
Further stratified analyses to control for certain treatmenicsitgories and experimental

samples are beyond the scope of this study. These include the effectafdwing

moderator¥ andtheir impact:

91 Study design and quality: RCTs vs. quasperimatal design; for RCTs, masking of
participants and outcome assessors, unit and method of allocation, and exclusion of
participants after randomization or proportion of losses after falipyworking papers
vs. published papers; and quagperimental degn method (for major quasi
experimental design methods, see Se@i@v.1).

Geographic location of study population

Rural and urban location

Socioeconomic status as defined in each study

Age of children

Grade of children

Study duration

Sample size and power analysis

= =4 =4 8 a8 -4 -9

12 statistically, a moderating variable is one that affects the direction and/or strength of the relation between
dependenand independent variables.
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3.0. Malaria

3.1. Introduction

Section 1.2.2.Hescribed how the malaria parasite gdact a certain type of mosquito which
feeds on humarend how the rmalariainfectioncan cause death if not treated immediatiely.
also summarized the pathways through which malaria affects educational and health outcomes.

Chloroquine (or chloroquine phosphate) is an antimalarial medicine that can be prescribed for
adults and children of all ages. It is a relatively vielerated mdicine that can be used for

either prevention or treatment. Intermittent preventive therapy or intermittent preventive
treatment (IPT) is a public health intervention aimed at treating and preventing malaria episodes
in pregnant women, infants, childremdaschoolchildren.

This section presents a metaalysis of malaria interventions on educational and health
outcomes in school settingehe majorcharacteristicef the studies used in tieetaanalysis
areprovided as Annex 1.

The studies included in this review focus on three intervention strategies: (1) chloroquine
prevention and treatment given to all children without any time restriatidregardlesf

whether they are infected or not; (2) intermittent preventive treat(#&n) to treat all children

for malaria at regular intervals during the transmission season, regardless of whether they are
infected or not; and (3) intermittent screening and treatment (IST), where children are tested on
every scheduled visit and tredtenly if they are infected.

The outcomes considered in the studies reviewed are of two types: (1) educational outcomes
(student absences, their sustained attention in the classroom, and their performance in language
and math tests); dn(2) health outames: (anemi&kemoglobinstatus and incidence of malaria).
Hemoglobin is a protein in the red blood cells that carries oxygen to the body's organs and
tissues and transports carbon dioxide from the organs and tissues back to thenemizs.is a
condition in which school children feel tired and weak because they do not have enough healthy
red blood cells to carry adequate oxygen to the tissues. Anemia can have many different causes,
including vitamin deficiency and chronic diseases.

3.2. Findings

This sectiompresentshe majoreffectsof malaria interventions on educational and health
outcomesThe two categories of oudmes are presented in turn. The next section (Section 3.2.1)
first describes the effects of malaria interventions on the combithechtional outcomegschool
absences, student attention, language proficiency, and math skills). The effects of each of those
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four outcomes are then separat@gessed®ection 3.2.2lescribes the effects of malaria
interventions on the combined heatiltcomes gnemiahemoglobinstatus, and incidence of
malaria). The effects of each of those two outcomes are then separately analyzed.

For clarity and ease of presentation, the detailed findings are based on a series of tables derived

from the forest plts and associated data presented as Annex 2 which, together with Annex 1,

includes detailed statistics of effect sizes such as standard er@huds, degrees of freedom,

confidence intervals, statistical significance, heterogeneity statistics, funretps and Egger
tests. Thedetailedfindingsarefollowed by summary and conclusionspitations of those

findings and implications for future research.

3.2.1. Effect on Educational Outcomes

Finding 3.1: Malaria prevention and treatment in schoolsettings have an overall positive
effect on the combined educational outcomes considered

Table 3.1 illustratethe overall effect o€hloroquine and IPT/IST interventions absenteeism,
attention levelsandtest scores fdanguage and matRvenll, both sets of interventions had a
positive effect on the four selected outcomes butrtbst of thaeffectis attributed to
chloroquine interventions.

Table 3.1: Effect of Malaria Prevention and Treatment Interventions on Educational
Outcomes

Outcome Intervention and effect
Chloroquine IPT/IST Total
Effect Effect Effect Effect Effect Effect
estimate  sizes estimate sizes estimate sizes
Absence 0.260 4 0.260 4
Attention -0.118 (*) 6 -0.118 (*) 6
Language 0.408 17 0.176 (*) 17 0.288 (***) 34
scores (***)
Math scores 0.490 17 0.028 6 0.365 (***) 23
(***)
Total 0.429 38 0.074 29 0.276 (***) 67

(***)
IPT=Intermittent preventive treatment; IST=Intermittent screening and treatment
Positive sign (+) favors intervention; negatsign () favors control
(***) Significant at 99% level; (**) Significant at 95% level; (*) Significant at 90% level
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Finding 3.2: Improvements in math and language scores arsolelyattributed to
chloroquine.

Chloroquinewas the only intervention that demonstrated a statistically significant effect on
improving math and language scores. Although the effect is statistically significant, the
intervention has smalb medium effect of 0.429 (Table 3). Both ntermittent preventive
treatment and intermittent screening and treatnmd@tventions were not found tmprove math
or language scores astatistically significantevel.

Finding 3.3: Chloroquine has no effect on absenteeism attention levels

Table 3.1 illustrates thathloroquine has no effect @echoolabsences (estimate not statistically
differentfrom zero)

Finding 3.4: IPT/IST interventions had a smalleffect on attention levels

Table 3.1shows thatritermittent preventive treatment and intermittent screening and treatment
have a small effect on student attention levdtsvever, this finding was statistically significant
at a 90% level.

Finding 3.5: Chloroquine has a muchgreater effect on language ad math indicators than
IPT/IST

As illustrated in Table .3, chloroquinenad a greater (and statistically significant) effect
language and math (0.408 and 0.490, respectigetyes thatPT/IST (0.028 and 0.074
respectivelyandthose effects were netatistically significant.

3.2.2. Effect on Health Outcomes

Finding 3.5: Malaria pre vention and treatment in schookettings have an overall positive
effect on the combined health outcomes considered and that effect is stronger than its
corresponding effe¢ on educational outcomes

Overall, dloroquine and IPT/ISTnterventionshad a much greater effect on health outcomes
than educational outcomésffect estimates d3.507and0.276respectivelysee Table 2)).

13 Effect size magnitudes are typically interpreted on the basis of rules of thumb suggested by Cohen (1988).
According to Cohen, an effect size of about 0.20 is col
ofabout 0.80 is considered flarge. o0 Although these guide
practice for researchers to use them when interpreting effect size estimates. Thus, if the means for the treatment and
control groups do notdiffdsy 0. 2 standard deviations or more, the dif
statistically significant.
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Table 3.2: Effect of Malaria Prevention and Treatment Interventions on Health Outcomes

Outcome Intervention and effect
Chloroquine IPT/IST Total
Effect Effect Effect Effect Effect Effect
estimate sizes estimate sizes estimate sizes
Anemia/ 0.382 (***) 2 0.097 (*) 7 0.221(***) 9
Hemoglobin
Malariamorbidity 0.778 (***) 1 0.610 (***) 14 0.623 (***) 15
Total 0.504 (***) 3 0.508 (***) 21 0.507 (***) 24

IPT=intermittent preventive treatment; IST=Intermittent screening and treatment
Positive sign (+) favors intervention; negative sfgrfavors control
(***) Significant at 99% level; (**) Significant at 95% level; (*) Significant at 90% level

Finding 3.6: Chloroquine interventions and IPT/IST interventions have nearly identical
effectson combined health outcomes.

As shown in Tabl&.2, the effect of chloroquine (0.504h combined health outcomissnearly
identical to the effect of intermittent preventive treatment and intermittent screening and
treatment (0.508Both effects are significant at the 99% level.

Finding 3.7: Chloroquine and IPT/IST have a muchgreater effect on malariamorbidity
than anemiahemoglobinlevels

As detailed in Table.2, the combined effect of chloroquine aRT/IST on decreasingnalaria
morbidity (0.623) islargerthan their combined effects amcreasinganemiathemoglobin (221)
levels This finding appliesot onlyto their combined effectdut alsovhen analyzed
separately Theeffect of IPT/IST onreducingmalariamorbidity is found to have an estimated
effect 0f0.610but the effect omnemialhhemoglobinlevels is only0.097. Similarly, the effect of
chloroquine omreducingmalariamorbidity is0.779and only 0.382 oanemi#emoglobin
levels.

3.3. Conclusions

Educational outcomes

1 Chloroquineinterventionsdemonstrated the greatest irnp@versus IPT/IST) on math
and language test scor&hloroquinedemonstrated no impact on attendance rates.

1 Neither school absences nor student attention levels are affeatbtbbyquine
prevention and treatment or BYT/IST.
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Health outcomes

1 Although both bloroquineand IPT/ISTinterventionsdemonstrated a positive effect on
anemia/hemoglobin levels, chloroquine had a greater effect size and was statistically
significant at a 99% versus IPT/IST at 90% statistical significance level.

1 Chloroquneand IPT/IST interventions have a much greater impact on the reduction of
malaria morbidity than on anemia anemoglobinevels Notably,chloroquinehas a
much smaller effect sizdan IPT/ISTon malaria morbidity

3.4 Limitations of the findings

1 A significant proportion of thetudieshadsmall samples (the smallest sample was in
Mali involving 296 students assigned to three distinct trial grodp® small sample
sizes limits the precision of treatment effects. Furthermore, many of the studiesulcav
wide confidence intervals that effects sizes are not statistically different fromSraail
sampl e sizes may ar t&rdaieffectmdndsyy 6def | at ed

1 There is limited experimental eviderdcas illustrated by the small effect sidesnthe
benefits of schoebased malaria interventioriBheimpactof schootbased malaria
interventionscan vary widelydepending on thimtensity of malaria transmission
Furthermore, there is no reliable information on what threshold of malaria transmission
yields the best cogienefit.

1 There is adck of geographic divergitamong the studies. Coupled with small sample
sizes, a lack of diversity reduciee external validity of existing evidencehis has direct
implications on the generalizabiliof findings to different populations of students,
contexts, treatment variations, and outcomes measured.

§ There is gaucity of information othe cost and cosffectiveness and cosbenefitof
malaria prevention and treatmehtough school based progran®nly onestudy was
found that contained a detailed cost analysis of an IST intervention (Drake26ta)™

1 There is a dearth of evidence on the lbeign effects oschool basedalaria
interventions. Only one study (Cutler et 2010) extended the malaria literature by
investigating the effects of childhood exposure to malaria eradication on educational
attainment ad economic status in adulthodd.

! For a definition of cost and cesffectiveness, see Section 2 of this report

15 The financial cost of IST per child screened was estimated at $6.61 (in 2010 dollars). Key contributors to cost
were salary costs (36 percent) and malaria rapid diagnostic tests (22 percent). Almost half the intervention cost
consisted of redeployment ekisting resources, including health worker time and use of hospital vehicles. The

study concluded that schebhsed IST is a relatively expensive malaria intervention in the current context, but
reducing the complexity of delivery can result in considieraavings in the cost of intervention.

1 The investigation used data from a large scale eradication program that drastically reduced malaria in India over a
short period in the 1950s. Comparing outcomes, at a point in time, for individuals in birtksdadvor before and

after the eradication era in areas with varyinggnadication malaria prevalence, the study found that males
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3.5 Future Research Directions

1 There is a great nead re-evaluate proven arglomising interventionat scale and over
alonger time period (5+ years) in order to generate evidence on impact and cost
effectiveness (or codtenefit).
1 Futuremalaria researcbn the benefits of schotlased malaria interventiostould be
expanded to includeow their impact varies according to causal mechanisms and
intensity of malaria transmission
1 To yield more robust resultsxd enhance thgeneralizability of findings to different
populations of students, contexts, treatmemiations, and outcomes measyredure
research should include interventions involvgrgatergeographic diversity andrger
samples
1 Additional studiesare needetb overcome the current scarcifiinformation on the cost
and costeffectiveness ofnalaria prevention and treatmefuch studies/ould help
policymakersdé resource all ocation efficien
1 Future research should extent its scop¢ceffects of childhood exposure to malaria
eradication on educationataihment ad economic status in adulthodichking into
consideration the lonterm effects of malaria prevention and treatnvemtild not only
capture thdull benefits of malaria prevention and treatment,\wotild alsorefine the
costandcost f f ecti veness analysis of this interyv
resource allocation efficiency.
1 Process evaluations and operations research studies are critical to scale up and
reproducibility. There is a dearth of inform@tiabout why interventions work and why
they dondot work. This is a critical gap wi

4.0. Water and Sanitation for Health

4.1. Introduction

As described in Section 1.2.2.2VASH interventions consist of improved sanitation facilities to
separate human excreta from human contactaandproved drinkingwater source to protect
participants fronfecal and other outside contamination.

exposed to malaria eradication in early childhood had higher per capita household consumption as adults, and the
effects for nen were larger than those for women in most specifications. The study did not find any evidence of
increased educational attainment for men and mixed evidence for women, a result that may have reflected the trade
off between schooling and labor. Similanggterm study in other geographic and see@mnomic settings may shed
additional light on those and other relationships.
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This section presents a metaalysis oMVASH interventions on educational and health

outcomes in school settings. The major characteristics of the studies used in theafysia

are summarized iAnnex 1 The studies included in this review focus on four intervention

strategies: health promoh (HP); water supply (WS); water treatment (WT); and sanitation

(SAN), consisting mainly of latrine constructiofhe impact of the interventions is measured

through educational outcomes (school enrollment, absences, and dropouts), and health outcomes
(presence of E.coli, number of sick days, and number of sick students).

4.2. Findings

WASH interventions are defined in the studies as those forwasking promotion, water

quality, water supply, sanitation, or any combination thereof. Control tefstady participants

who have continued with usual practices. Haadhing promotion is any interventiensuch as

group discussion, songs, pictorial stories, and dranthat promotes adoption of, or increased
practice of, hanevashing. Handavashingincludes water, wash basins, soap, and drying devices.
Sanitation refers to any intervention to introduce or expand the provision or use of facilities for
urination or defecation. Water quality is any intervention to improve the microbiological quality
of drinking water. Water supply refers to any intervention to provide a new or improved water
supply or improved distribution such as installation of a new hand pump or school connection or
both.

Due to data availability, educational outcomaeslimited to school enrollment, student
absences, and dropout rates. Health outcomes will be limited to the presence of E. coli, number
of sick days for students, and the number of sick students.

This section first analyaghe impact oMWVASH interventions on educanal outcomes. Tén
analysisis followed by thé impacton health outcomedhe next section (Sectigh2.1) first
describes the effects WASH interventions on the combined educational outcorsesopl
enrollment, absences and dropyuite effects of ezn of those¢hreeoutcomes are then
separately presented. The following section (Seetiar?) first describes the effects\WMASH
interventions on the combined health outconpeegence of E. coli, number of sick days, and
number of sick studentsThe dfects of each of thostireeoutcomes are then separately
analyzed.

In Section 3.2the detailed findings are based on a series of tables derived from the forest plots
and associated data presented as Adnelich, together with Anneg, includes detadd

statistics of effect sizes such as standard erroaues, degrees of freedom, confidence

intervals, statistical significance, heterogeneity statidtias,n n e | pl ots Thend Egger
detailed findings are followed by summary and conclusions, limitations of those findings, and
implications for future research.
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4.2.1. Water and Sanitation for Health Interventions and Educational outcomes

4.2.1.1. Overall Effect Size

Finding 4.1: The overall effect of WASH interventions on the combined educational
outcomes is positive, but very small

Table4.1 shows the estimated combined mean impact of WASH interventions on educational
outcomes (school enroliment, absences and dropaufsk oveall effect size is 0.039 standard
deviationswith a 99% confidence interval of (28, 0.09),'® indicating that the impact of

WASH intervention®n educational outcomes as measured by the difference in outcomes
between the treatment group and controligrafter the interventions is positive. As indicated by
(***) in the table, this difference is statistically significant at the 99% I&¥although positive,

the effect size estimate is, at 0.039, very sAfall.

Table 4.1: Overall Effect Size Estimate of VMMSH Interventions on Educational
Outcomes (school enrollment, absences and dropouts)

Estimate Standard P-value 95% CI.L 95% CI.U
Error
0.039 (***) 0.006 0.00 0.028 0.050

(***) Significant at 99% level; (**) Significant at 95% level; (*) Significant 2% level
Number of effect sizes: 26

The standard errBris used to weigh effect sizes when combining studies, so that large studies
are considered more important than small studies in the overall analysis.

" Due to lack of data, other outcomes such as attendance, learning achievements and cognitive development could
not be included in thmetaanalysis.

18 A confidence interval is a range of values such that there is a specified probability that the value of a parameter
lies within that range. In our example, we are 99% confident that the 0.039 standard deviation falls between 0.028
and 0.30. Note that the significance level is reflected in theale as follows: Ralue <0.01 means statistical
significance at the 99% level:\Rilue <0.05 means statistical significance at the 95% levedji® <0.1 means

statistical significance at the @level.

9 A null hypothesis is the statement that WASH interventions hawapact on educational outcomes. For a null
hypothesis to be rejected as false (i.e., that WASH interverdimhsvean impact on educational outcomes), the

result has to be identified as being statistically significant (i.e., unlikely to have occurred due to sampling error alone
or, equivalently, due to the unrepresentativeness of the sample). The probability ofgefechull hypothesis (in

this case rejecting the hypothesis that WASH interventions have no impact on educational outcomes) given that it is
true, is most often set at 0.05 (95%), but can also be set at 0.01 (99%) or 0.10 (10%). Put differentiypiteedete
whether a result is statistically significant at a given level, a researcher has to calcwalee Rhich is the

probability of observing an effect given that the null hypothesis is true. The null hypothesis is rejecteeviltie P

is lower tan the significance level which is the case here since thedtue (0.000) is lower than the significance

level (0.01).

% As explained in Section 3.2.1, an effect size of about 0.20 is considered small, of about 0.50 is considered
medium, and of about.80 is considered large.

% standard error is a statistical term that measures the accuracy with which a sample represents a population. In
statistics, if the sample mean deviates from the actual mean of a population, this deviation is the standard error
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The standard error of effect size is calculated differently for each type of effect size, but it
generally requires only knowing the study's sample size or the nainbleservations in each

group.

Finding 4.2: The overall effect size is considerably higér for girls than for boys

While the effect size for girls (0.044) is statistically significant, the effect size for boys is not
statistically different from zeroHor details, se Annex4.)

4.2.1.2. Pooled Effect Sizes by Intervention for All Educatidrf@utcomes

Finding 4.3: The effect size for all educational outcomes combined is higher for all WASH
interventions combined than for subsets of interventions implemented separately

Table4.2 describes the mean effect size of WASH interventioredacational outcomes

(school enrolment, absences and dropouts) on WASH interventions conducted in a single form or
in combination. The combination of ham@shng promotion, water treatmengrstation, and

water supply (HP, WT, SAN and WS) has the higleéfstct (0.328), followed by sanitation

alone (0.037). A combination of haméshing promotion and water treatment (HP and WT) or a
combination of hanevashing promotion, water treatment and sanitation (HP, WT and SAN) has
no effect on educational outcom@seir effects of 0.120 and 0.091, respectively, are not

statistically significant).This result underlines the critical role of water supply in WASH
interventionsAlthough not all effects could be estimated by gender for lack of data, 4.@ble

suggest that this conclusion applies to both girls and F8ys.

Table 4.2: Mean Effect Size of WASH Interventions on Educational Outcomes (school
enrollment, absences and dropouts), by Intervention Category

Intervention Effect size
Boys Girls Total
HP and WT @) 0.193 0.120
HP, WT and SAN @) 0.124 0.091
HP, WT, SAN and WS ™ @) 0.328 (***)
SAN ™ 0.041 (***) 0.037 (***)

(***) Significant at 99% level; (**) Significant at 95% level; (*) Significant at 90% level
(™) Effect sizes too few to estimatfect sizes separately
HP: hand washing promotion; WT: water treatment; SAN: sanitation (latrines); WS: water supply

# Rigorous gendedisaggregated WASH studies are in very short supply. For instance, a systematic review
(Dickson et al., 2012) to identify and synthesize evidence of the impact of separate toilets for girls on their
enrolment and attendance in schamsld not find any evidence either for or against the impact of separate toilets
for girls on their educational outcomes.
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4.2.1.3. Pooled Effect Sizes by Intervention and Individual Educational Outcome

Finding 4.4: The overall effect of WASHinterventions on school enrollment is positive for
both boys and girls, and is higher for girls than for boys

The overall effect of WASH interventions on school enrolln{@able 4.3)s 0.033 Notably,
the effect imearly40 percent higher for girls @37) than for boys (0.027).

Table 4.3: Mean Effect Size of WASH Interventions on School Enroliment

Intervention Effect size
Boys Girls Total
All interventions (") 0.027 (**) 0.037 (***) 0.033 (***)

(***) Significant at 99% level; (**) Significant a®5% level; (*) Significant at 90% level
(™) Effect sizes too few to estimate effect sizes by intervention

Finding 4.5: WASH interventions have a positive effect on school absences and dropout
rates

WASH interventions have a combined positive effed.@B0 on school absences. School
dropout is reduced (a mean difference of 0.64Ryough sanitation program@or details, see
Annex2.) This result is importargiven that there adgigh dropout rates among girls in
developing countries and measures drable girls to continue attendance in educational
environments are essential to the promotion of gender parity and empowerment in those
countries.

4.2.2. \Water and Sanitation for Health Interventions andHealth Outcomes

Finding 4.6: When considered incombination, WASH interventions appear to have no
effect on student health, but the effect varies when subsets of those combinations or single
interventions are analyzed separately

The combination o¥VASH interventionsadno effect on student health (a very small and not
statistically significant effect of 0.067). The only positive and significant effect (Oviz&d)
throughhandwashing promotiomterventions When sanitatiomterventions weradded to
handwashing pranotion and water treatment (HP, WT and SAN), the mean diffeiareféect
(-0.239) becomes negative and statistically significahis indicateshat the experimental
interventioninfluenced theoutcome in favor of the control group, rather than thdnreat

“The mean difference (more correctly, 6difference
difference betweethe mean value in two groups in a clinical trial. It estimates the amount by which the
experimental intervention changes the outcome on average compared with the control (Higgins, 2014).
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group?* Interestingly, vihenawater supplyinterventionis added (HP, WT, SAN and WS), the
effect (0.106)f the combination of WASH interventiomsno longer statistically different from
zero.

Table 4.4: Mean Effect Size of WASH Interventions orHealth Outcomes (presence of E.
coli, number of sick days, and number of sick students)

Intervention Effect size (")
HP 0.281 (***)
HP and WT -0.041
HP, WT and SAN -0.239 (**)
HP, WT, SAN and WS 0.106

All interventions 0.067

(***) Significant at 99%level; (**) Significant at 95% level; (*) Significant at 90% level
(™) Effect sizes too few to estimate effect sizes by gender
HP: handwashing promotion; WT: water treatment; SAN: sanitation (latrines); WS: water supply

Finding 4.7: The addition of latrines to intervention schools has a negative effect on health
as measured by E. coli contamination, especially for girls

Table4.5 sheds some light on the unexpected results depicted in Zdk@d summarized in

the previous finding. Hygiene promotiand water treatment combinations (HP and WT) do not
appear to reduce the risk of E. coli presence (astatistically significant effect 0f0.087).

However, the addition of new latrines (HP, WT and SAN) to intervention schools increases E.
colicontamimt i on on studentsdé6 hands (a muc-h | arger
0.524). It is important to note that the overall effect of WASH interventions involving the

addition of latrines have a negative and statistically significant effect on lt€aRf7) as

measured by the risk of E. coli contamination.

% positive values in the tables favor the treatment group and negatives favor the comparison or control group.

25



Table 4.5: Mean Effect Size of WASH Interventions on the Presence of E.coli

Intervention Effect size
Boys Girls Total
HP and WT @) @) -0.087
HP, WT and SAN ") ") -0.524 (***)
All interventions -0.045 -0.469 (***) -0.267 (**)

(***) Significant at 99% level; (**) Significant at 95% level; (*) Significant at 90% level
(™) Effect sizes too few to estimate effect sizes by gender
HP: handwashing promotion; WT: water treatment; SANitaaon (latrines); WS: water supply

Table4.5 also shows significant interaction by gend&ithough there is no demonstrataffect
thatthese interventions have on mailegomparison with children in the control schools (effect
not statisticallydifferent from zero), tre does appear to beisk of E. coliinfection among
femaleg(-0.469), suggesting thafforts to increase usage of school latrines by constructing new
facilities may pose a risk to childrémthe absence of sufficient hygienehavior change, daily
provision of soap and water, and other body cleansing materials. Such complementary
interventions are all the more critical due to the central role of sanitation in public health as
reflected, for instance, in the poll of readershafBritish Medical Journaln which sanitation
was voted the greatest advance in public health in the last century (Mo208%.WHO and
UNI CEF go even f uthout WWASH,(water saritation@ndthygiane), fi w
sustainable development is ingsibled (WHO/UNICEF, 2015).

Finding 4.8: WASH interventions have a positiveeffecton student health when measured
by the number of sick students

WASH interventions did not demonstrate an impact on decreasing the number of sick days
among schoaothildren (0.054). However, WASH interventions did have a statistically significant
impact on decreasing the number of sick studéh25( (See Annexd).

Finding 4.9: Hand washing and water treatment interventions may not be sustainable

A sustainabilityevaluation of 55 pilot primary schodlso and halfyears after the

implementation of a hangdashing and water treatment intervention in Kenya (Sabori,et al.

2011) revealed that program activities were not successfully sustained in an ofoilet

schools.Another study in Pakistahgby et al, 2009) revealed a similar conclusiax.

systematic reviewMindigni et al, 2011)of handwashing studies in community, school and

healthc ar e settings concluded that none of the st
document longerm behavior change, thereby challenging the sustainability of the various
interventions.
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4.3. Conclusions

T

This metaanalysis provides evidence that WASH interventions have an overall positive
effect on educational outcomes and that effect is higher for girls than for boys.

The overall effect of WASH interventions on school enrollment is positive for both bdys an
girls, but is higher for girls

WASH interventions for which data are available reduce school absences and dropout rates.
The effect size for all educational outcomes combined is higher for all WASH interventions
combined than for subsets of intervenBamplemented separatelyeitherhandwashing
promotion with water treatmemor combired handwashing promotion, water treatment,

and sanitationvithout water supply interventionsadanyeffect on educational outcomes
Water supply is a determinarictor in the success of WASH activities. The effect size and

its statistical significance increase dramatically when water supply is added to other WASH
interventions.

When considered in combination, WASH interventions appear to have no effect on student
health, but the effect varies when subsets of those combinations or single interventions are
analyzed separately.

Although WASH interventions may have a positive impact on health when measured by the
number of sick students, the addition of latrines tarvaietion schools has a negative effect

on health as measured by E. coli contamination, especially for girls. This result points to the
conclusion that constructing new latrines may pose a risk to children in the absence of
sufficient hygiene behavior chaggdaily provision of soap and water, and other body
cleansing materials. To remedy this situation, the World Health Organization issued
guidelines for water, sanitation, and hygiene implementation in schools-eolstvgettings
(Adams et al.2009; Byfod, 2014).1It is expected thamplementation of those guidelines

will result in improved WASH interventions.

There is no evidence tupport the sustainability sthootbasedNVASH interventions
Furthermore, there are no qualitative studies that invéstigahy schoebased WASH
interventions are not sustainable.

The evidence summarized above shows that much remains to be known about the impact of
schootbased WASH interventions on educational and health outcomes. However, what we
know provdes moderateuglity evidenc® that WASH interventions should continue to be
supported.

% As detailed in Section 5.2, moderate quality evidence is defined as evidence suggesting that WASH interventions
probably improve educational and health outcomes.

27



4.4. Limitation of the Findings

1 WASH intervention studies are expensive to cohtecause they often require large
sample sizes to illustrate even minimal effects and retpnigeterm study time frames
Consequently here is very little rigorous evidence on the educational and health benefits
of WASH interventions.

1 Studies were limiteahot only innumberbut alsogeographic coverag€onsequently, the
reliability of generalzing findings to other contexts is severely restricted

1 There is very limited data on adherence and attrition.

1 There is little evidence on the sustainabilitfyédASH interventions in school settings
Sustainability was investigated in onilyo studes which demonstrated that program
activities were not sustainéddut it was not. explored as to ¢

1 All studies reviewed have beena$hortterm nature and no lorigrm impact
information is available.

1 There is limited systematic documentation on intefe@nprocesses and implementation.

As such there is little evidence as to Owh
fail.

4.5. Future Research Directions

1 The evaluation of WASH interventions at scale and subsequent effestisicational and
healthoutcomes amongre-school and schoaige childrens required

i Sanitation has been hailed as the greatest advance in public health in the last century.
However, available evidence shows that efforts to increase usage of school latrines by
constructing new falities may have no effect on E. coli reduction among boys and may
increase E. coli contamination among giHewever research is needed on whether and
under what conditions WHO guidelines for water, sanitation, and hygiene implementation in
schools inow-cost settings would result in improved scheo e chi | drends | ite
health.

1 Qualitative data is needed as to why and how WASH interventions increase enroliment rate
more among girls than boys.

1 Further researcbnthe mechanisms of action of WASiogramsespecially related to scale
up is desperately needddetailed descriptions gfrogramprocesssand implementation
featureswvould help explairthe direction as well as the magnitude of program results.

1 Qualitative data is conspicuously lackingta why WASH programs struggle to be
sustainable.

1 Furtherevidenceas needed othe costbenefit of schoebased WASHnNterventiongargeting
pre-school and school aged children
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5.0. Deworming

5.1. Introduction

As described in Section 1.2.2.3, fehool and schoeage children infected with parasitic
worms are physically, nutritionally, and cognitively impaired. To controttsarsmitted
helminth infections, WHO recommends health and hygiene education, progfsadequate
sanitation, and periodic medicinal treatméitte WHO recommendedhedicines
(albendazolendmebendazolejreeffective,inexpensiveandeasyto administerby teachers
andothernonmedicalpersonnelTheyhavealsobeenusedin millions of peoplewith few
andminor sideeffects.

This section analyzes in detail the methodology and reBaijt®r-Robinson et alused ina

deworming metanalysis performetbr the Cochrane Collaboration review ser@sdalso

presents the subsequeletate a the impact of deworming that followed its publication. The
metaanalysis is based on a series of studies that investigated the effects of deworming drugs for
geohelminth worms, administered at health facilities, schools, and communities

Table 5.1: Major Characteristics of the Studies Included in the Deworming MetgAnalysis
Studies included in the reviewRandomized and quasandomized controlled trials.

Location: The included trials were undertaken in 23 different countries: Bangladeshir{&s); Ethiopia (two

trials); Haiti (two trials); India (five trials); Indonesia (two trials); Jamaica (two trials); Kenya (five trials); Sc

Africa (two trials); Vietham (three trials); Zanzibar (two trials); Benin, Botswana, Cameroon, Guatemala, J

Malaysia, Nigeria, Philippines, Sierra Leone, Tanzania, Uganda, Zaire (one trial in each); China, Philippin

Kenya (one multicenter trial).

Population: Children aged 16 years or less. Children were recruited from school populations in 20 trials,

communities in 16 trials, and in health facilities or by health workers in six trials. Tivietyrials were based on

mass targeted treatment of an unscreened population. Fourteen trials were conducted in populations whe

were of high prevalence intensity, 10 in populations with moderate prevalence and low intensity, and 11 i

populations with low prevalence and low intensity. Seven trials studied children screened and selected or

basis of high worm loads.

Intervention: Deworming drugs fogeohelminth worms, administered at health facilities, schools, and

communities. Investigation of effects after a single dose, and after multiple doses.

Control groups Placebo or no treatment was used as a control in the majority of studies. Othensedies

vitamin A, vitamin C, or calcium powder. There were 13 trials where both the treatment and control group

received nutritional supplementation: muititrient; vitamin B; iron; vitamin A; or child health package.

Effects of interventions

1 Major outmme measures: weight; height; hemoglobin; psychometric tests of cognition; measures of p
well-being (Harvard Step Test); school attendance.

1 The effects were grouped into trials where children were screened for infection; and trials treating whi
populations (a single dose of deworming drug, after multiple doses with follow up for up to a year, anc

multiple doses with follow up of one year or more).
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5.2. Findings

As described in Table 5.1 and listedTable 5.2 through Table 5.5, the effect of deworming is
measured through six outcomes: school attendance, weight gain, height gain, hemoglobin level,
physical wellbeing, and cognition. Interventions are divided into four categories: (1) a single
dose & deworming drug given to children infected with worms in population screened for
intestinal helminths (parasitic worms); (2) a single dose of deworming drug given to all children
living in an endemic area; (3) multiple doses of deworming drug given ¢bikdten (followup

for up to a year); and (4) multiple doses of deworming drug given to all children (fopdar

over a year)The four intervention categories and their effects are described in turn Bélew.
findings arepresented in the form oflikes derived from data in Tayldtobinson et al. Taylor-
Robinson et al2012).

Finding 5.1: A single dose of deworming drug given to children infected with worms in
popul ation screened for intestinal hel minths
hemoglobn status, but the evidence base is small

Table 52 shows that weight gain attributed to a single dose of deworming drug given to children
infected with worms in population screened for intestinal helminths increased, together with
hemoglobin level. Howevgthe metaanalysis notes that the effect on weight gain (0.58 kg mean
difference¥® is based only on three trials covering 149 participants, and the effect on hemoglobin
level (0.37 g/dl mean difference) is based on two trials covering 108 participants. The effect on
cognition cannot be determined because it is based on veryuality evidencé’ (two trials,

one of which did not report the outcome and the second reported improvement in only 3 out 10
tests of cognitive function).

% As noted earlier, the mean differencerastes the amount by which the experimental intervention changes the
outcome on average compared with the control.

2" The quality of evidence used by the authors is based on the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) Warli Group, an informal collaboration of people with an interest in
addressing the shortcomings of present grading systems in health care. GRADE has developed a transparent
approach to grading quality of evidence and strength of recommendations. Manytimheiraganizations have

provided input into the development of the approach and have started using it. For example, clinical actions are
likely to differ depending on whether one concludes that the evidence that a specific drug reduces the risk of stroke
in patients is convincing (high quality) or that it is unconvincing (low quality). Similarly, guidelines that recommend
that patients with a given health condition should be treated may suggest that patients should definitely be treated,
implying that tratment is warranted in all patients, or that patients should probably be treated, implying that
treatment may not be warranted in all patients. Using the GRADE system, thamabtsis classifies outcomes as
follows: high quality evidence means dewormingproves the outcome under consideration; moderate quality
evidence means deworming probably improves the outcome; low quality evidence means deworming may improve
the outcome; very low quality evidence means we do not know whether deworming improvets tineeo
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Table 5.2: Effect of a Single Dose of Deworming Drug Given to Children Infected with
Worms in Population Screened for Intestinal Helminths

Outcome Effect
Improves Probably May Do not know whether it
improves improve improves

School attendance -- -- -

Weight gain X

Height gain - -- - --
Hemoglobin level - - X -

Physical well - - - -

being

Cognition X

Notes: (1) Assessing the evidence using GRADE: high quality evidence = deworming improves the outcome
consideration; moderatpiality evidence = deworming probably improves the outcome; low quality evidence -
deworming may improve the outcome; very low quality evidence = we do not know whether deworming imp
the outcome.

(2) (i) means outcomes not measured in the studies included in the review; (X) measures the effect of the
interventions on the corresponding outcome.

Source: Authorsodéd compi |l at-Rabinsorbetad. 20d2 on i nf or mati o

Finding 5.2: A singledose of deworming drug given to all children living in an endemic
area may have a positive effect on physical wddeing and cognition.There is minimal
evidenceon increasinghemoglobinlevels. There is no evidencthat support deworming for
weight gain.

The effecs of dewormingon physical welbeing (as measured by the Harvard Step*fjest
estimated at a mean difference of 6 in two trials covendiyiduals in onehigh-prevalence
infection area in Kenyérable 5.3) The firsttrial reported no eéfct or a negative effeon
cognition. However, this study did not report the actual.ddta second trial, covering 1,361
participants, reported no effsabn physical well being or cognitiofhe effects of deworming
on hemoglobin levels were studied@ssthree trials totaling 1,005 participanihemean
differencebetween hemoglobin levelgas not statistically significam any of the trialsThe
effect of deworming omveight gain indicated no effect sevenof ninetrials.

% TheHarvard step tess a test of aerobic fitness. It has been found to be a good measurement of general fitness by
measuring a person's ability to return to a normal heart rate after a strenuous exercise. The more quickly the heart
rate returs to resting, the better shape the person is in.
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Table 53: Effect of a Single Dose of Deworming Drug Given to All Children Living in an

Endemic Area

Outcome

Improves Probably

improves
School attendance -- --
Weight gain
Height gain - --
Hemoglobin level
(*)
Physical well
being
Cognition

Effect
May Do not know whether it
improve improves
X
X
X

Notes: (1) Assessing the evidence using GRADE: high quality evidence = deworming improves the outcome
consideration; moderate quality evidence = deworming probably improves the outcome; low quality evidenc
deworming may improve the outcome; veoylquality evidence = we do not know whether deworming improwvi

the outcome.

(2) (i) means outcomes not measured in the studies included in the review; (X) measures the effect on the

corresponding outcome.

(3) (*) It probably has no effect on hemoglolévels: In three trials, metanalysis of hemoglobin difference was

not statistically significant.
Source:

Aut horsdé compi | at-Rabinsorbedas 2042 on i nf or mati @

Finding 5.3: Multiple doses of deworming drug given to all children (followup for up to a
year) may have little or no effect on weight gain, hemoglobin level, cognition, and school

attendance

The effects of multiple doses of deworming drug given to all chil(falow-up for up toa

year) are described in Tablet5Deworming increased weight gain in one trial in a high
prevalence location, decreased weight in one trial in gol@valence area, but had no effect
elsewhereThe effects on hemoglobin levetsfour trials totaling 807 participantameta
analysiscalculateda mean difference of only 0.01 gidtervention groupsAnother study

utilized formal testing toneasue various aspects amtellectual developmertt.e. cognition)

across three intervention trigl30,571 participants; 75 clusters and 571 individually randomized
participants)Deworming had no effect azognition. Intwo trials (30,243 participants; 75
clusters and 243 individually randomized papaoits) deworming had a small effect on
increasing attendance but only by four percent compared to the control group.
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Table 5.4: Effect of Multiple Doses of Deworming Drug Given to All Children (followup
for up to a year)

Outcome Effect
Improves Probably May Do not know whether it
improves improve improves

School attendance X

Weight gain X

Height gain - -- - --
Hemoglobin level X

Physical well X

being

Cognition X

Notes: (1) Assessing the evidence using GRADE: high quality evidence = deworming improves the outcome
consideration; moderate quality evidence = deworming probably improves the outcome; low quality evidenc
deworming may improve the outcome; veoylquality evidence = we do not know whether deworming improwvi
the outcome.

(2) (i) means outcomes not measured in the studies included in the review; (X) measures the effect on the
corresponding outcome.

Source: Authorsd® compi |l at-Rabinsorbeaad201 on i nf or mati o

Finding 5.4: Multiple doses of deworming drug given to all children (followup for over a
year) may improve weight, hemoglobin status, and cognition, buhe effect on heght and
school attendancas not known.

The effects of multiple doses of deworming drug given to all children (felipvior overa year)

are depicted in Tables Deworming increased weight gain in one early trial in a low

prevalence locatiarHowever this effect was not reproducé@dtwo subsequent trials in the

same location, or in highgarevalence locationsTwo trials measured de&vorming and the

effects orhemoglobin levelsaind subsequent intellectual development outcomes. Neither study
reported a effect deworming had on hemoglobin levels and subsequent intellectual development
effects.However, it isnot advisabléo compare these twaals directlyas theymeasured
differentoutcomegelated to intellectual developmeiitere was only ongial that measured

the effect of multiple deworming asthool attendanc& here was a slight difference between
treatment and control group at figercent.
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Table 5.5: Effect of Multiple Doses of Deworming Drug Given to All Children (followup
for over ayear)

Outcome Effect
Improves Probably May Do not know whether it
improves improve improves

School attendance X

Weight gain X

Height gain X
Hemoglobin level X

Physical well X

being

Cognition X

Notes: (1) Assessing the evidening GRADE: high quality evidence = deworming improves the outcome un
consideration; moderate quality evidence = deworming probably improves the outcome; low quality evidenc
deworming may improve the outcome; very low quality evidence = we danoet Wwhether deworming improves
the outcome.

(2) (i) means outcomes not measured in the studies included in the review; (X) measures the effect on the

corresponding outcome.

Source: Authorsd® compi |l at-Rabinsorbeaad201 on i nf or mati o

5.3. Conclusions

1 A single dose of deworming drug given to children infected with worms in population
screened for intestinal helmintBBows some promisk may improve weight and
hemoglobin status, but the evidence basastditisequent outcomes framproved weight
and hemoglobin levels igery limited.

1 The administration of@vormingmedicationin settings withouintestinal helminth
screening anth endemic areasnayhave an impact on weight gain, physical weding, and
cognition Currentlythere is insufficient evidence to recommend this stratiegyto a limited
number of studies and small sample sizes

1 Deworming medications had no effect bemoglobinlevels

De-worming had a minimal effect athool attendand®%).

=

1 Since the results at'ased on a limited number of countries and settings, they are difficult to

generalize to other locations.

5.4 Limitation of Findings

1 Nearly all of the evidenctat supportsleworming in school settings comes from trials
with small sample sizes and carntied over a relativelghorttime period.
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1 Thegeneralizabilityof the results isestricteddue tolimited geographic diversity among
the studies.

1 Measurements of cognition and intellectual development are not consistent between
studies, thus restrictingpmparability of results.

5.4.1 Further Discussion on Limitation s. should deworming policiesbere-
evaluated?

54.1.1Deworming: Not a Panacea?

Some authors (Garne2012; Hawkes2013) have interpreted the conclusions in Taylor

Robinson et al. (2013s suggesting that the benefits of routine deworming policies may need to
bereevaluatéd Gar ner et al st aDeworning schoblehidrent®r@l 2 st ud
them of intestinal helminths seems a good idea in theory, but the evidence forat pust @ 6 t

stack up. We want policy makers to look at the evidence and the message and consider if
deworming is agiood as it is cracked up todgarner 2012).Hawkes related a similar belief

in the BMJ articl e entDewdrnand) habéee haided ania pagacda:e b u n k
a simple, cheap, and effective way of improving growth, raising brain power, and improving the
educational and employment prospects of millions of children. Not if you read the latest revision

of the Cochrane review on the subjgmiblished in July this year by a team from the Liverpool

School of Tropical Medicine(Hawkes 2013).

5412 . HastheMetaAnal ysi s fAiStacked the Decko Against

The Cochrane Collaboratiosia wellrespected source of information ridencebased
decisionmaking Systematic reviews and metaalyses are the cornerstonegvtience for
decisionmaking. The Cochrane review method kagct selection criterigtudy inclusion in

order to ensurthatbias isminimized objectivityis inadeased. However, systematic reviews and
metaanalysis are not perfect. There are many research groupsava@ointed out several
limitations of the metanalysis, including inadequate consideration of environmental and
pathological factors; insufficiehéngth of trial followup; oversight of epidemiological
externalities; marginalization of lorigrm impact; and omission of cesffectiveness
considerationgHotez et al., 2012; Bundy et al., 2013; Baird et al., 2014; Ozier, 2014; Ahuja,
2015) All of these factors are important issues invd@ming interventions.

5.4.1.3. Deworming: a Cornerstone for Neglected Tropical Disease Control

% Based on seven experiments, McEwan (2014) also concludes that the mean effect size of deworming drugs is
close to zero (0.013) and not statistically significant.
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Hotez et al. argue that deworming should remain a cornerstone for neglected tropical disease
control despite the condions of the metanalysis because the investigation did not take into
account four essential dimensions of deworming:

1. The five major soitransmitted intestinal worms should not be treated as a single group
because they are each quite different in ype bf disease and pathology they produce
and their nutritional effects on their human hosts.

2. Not all intestinal worms respond to the same deworming medication.

3. Only moderate and heavy intestinal helminth infections typically cause measurable
disease.

4. Theability to detect a health improvement from deworming may also depend on whether
children in a given area simultaneously suffer from low nutritional intake or if they are
co-infected with other pathogefidotez et al.2012)

5.4.1.4. Insufficient Length of Follow-up

Bundy et almade cleathat in 18 out of 42 studies, the duration of folap wassix months or
less,and fourstudiesreporteda month or less of followap (Bundy et al., 2013Neglectingtime
factorconsideration dilutethe potential impact of the interventiand dramaticallyffects the
power ofthese studies to detect meaningful differenodbe outcomethey aim todocument.
Forexample sustained blood loss and inflammation due to worm infection of the inteséctal
has cumulative consequences that can be measured only overalglédivg periods of follow

up.

5.4.1.5. Epidemiological Externalities

An externality is an effect of a decision by one party on another party whose interests were not
takenintoaccont when the decision was made. Epi demi
effects, 0 occur when treatment of an easily a
those who remain untreat&d.

Several studies (Kremer & Migye&l004; Baird et a].2011; Baird et a).2014; Oziey2014;
Ajuja et al, 2015) have shown that deworming helps break the cycle of transmiShiese
studies have proven that treatictgldrenfor parasitic wormsbenefitsuntreated children in the
same schooFurthermoret hi s b enef i nearldysghaoland shildeen ie thade t o
schoolsbenefit from lower worm load and improved attendance at sé¢hool.

®¥This free benefier d si namuan iotgyodu so rt ofi ctohnemufirthi t y i mmuni tyo
a critical portion of a community is immunized against a contagious disease, most members of the community are
protected against that disease because there is little opportunity fabesaéu

*1Such an outcome has been used to argue that deworming tablets should be a priority for free distribution. One

study showed that when free deworming was replaced with a lovgleashg fee, treatment declined by 80 percent.

In addition, sickerchildren were no more likely to pay for the drugs than their healthier schoolmates, suggesting
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Externalities from deworming interventions may follow a newly discovered second pathway
through its effects on maia and HIV infection. Research has shown that worms may worsen
malaria (Druilhe et al2015; Shapiro et al2005) and exacerbate HIV transmission (Finchman
et al, 2013; Walson et gl2008; Walson et g12009).

5.4.1.6. Long-Term Impact

A long-termstudy implemented in western Kenya in 12481 (Baird et a).2011) tracked the
students who participated in the original deworming program over the following decade.
Researchers collected data on health, educational attainment, living standards, agchentpl
status of students from the first studwho, by that time, were between-¥hd 26years old.
Analysis of that information showed that deworming improvedregbrted health, increased
total schooling and mean hours worked. Among other benieétgment also led to shifts into
more lucrative employment (from food crops to cash crops in agriculture, and freom low
skilled casual labor to bettgaid, fulktime jobs in fields such as manufacturira)d improved
living standards.

5.41.7. Costeffectiveness

Costeffectiveness analysis helps to identify interventions that use resources most efficiently.
Costeffectiveness is an evaluation method that examines the costs relative to the outcomes, or
results, of interventions. The cesffectivenes analysis uses a specific outcome measure that
must be common among the alternatives being considered.

Cost analysis of deworming programs was performed using data from six interventions that have
been rigorously tested through randomized evaluatroMadagascar, Kenya and Malawi

(Kremer and Miguel2007; JPAL, 2011; JPAL, 2012). Using cost projections for a largeale

treatment program;BAL estimates that deworming costs $4.55 per Disability Adjusted Life

Year (DALY) averted, indicatingthat¢gh dewor mi ng progedmewas viehiogh

As demamstrated in Table.B, using the same data the analysis also found that scasedl

deworming is one of the most caftective means of increasing school attendance. At nearly 14
additional scholoyears gained per $100, deworming ranks second only to information on returns

to education provided to parents in Madagascar (about 20 additional school years), way ahead of
unconditional cash transfer for girls in Malawi (0.02 years), conditionalcash& f er f or gi r

that the fees did not direct treatment to those who needed it most. As summarPedinJ ( 2011), dAchar gi
small fees in an attempt to balanceascesand O6sustainabilityd may be the wors
little revenue, but dramatically reduce access to i mpol
% Disability Adjusted Life Years (DALYs) are a common measure of the burden of disease, ekpeegsars of

life Iost to illness and premature death. The Worl d He:
effectiveo if it costs | ess than the national GDP per

was $1,%0 in 2009).
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attendance in Malawi (0.09 years), Merit scholarships for girls in Kenya (0.27 years), and free
primary school uniforms in Kenya (0.71 years).

It is important to note that this calculation is based on a soalé deworming programrtsugh

an NGO,; since a largescale program would have a lower cost per child, deworming is likely to
be more coseffective than indicated in Tab%6. It is equally important to note that future

income gains accruing to treated children would enhanceosteffectiveness of deworming

even further: The lontgerm study estimates that the initial investment in deworming generates a
returrt° of more than 80 percent per year through higher earnings.

Table 5.6: Costeffectiveness of deworming through primaryschools in Kenya (additional
school years gained per $100 expenditure)

Intervention Additional school years
gained
Information on returns to education, for parents (Madagasca 20.7
Deworming through primary schools (Kenya) 13.9
Free primary schoalniforms (Kenya) 0.71
Merit scholarships for girls (Kenya) 0.27
Conditional cash transfer f 0.09
Unconditional cash transfer for girls (Malawi) 0.02

Source: Kreme& Miguel, 2007; JPAL Policy Bulletin 2012; JPAL Policy Bulletin 2011

5.5. Future Research Directions

1 Further research is needed the effectiveness of aeorming interventions in various
prevalence settings. Moreover, evidence is needed on thbarofit of dewormingt
variousprevdencelevels.

1 There is a need for a cost effectiveness study comparing deworming interventions to other
interventions that target reduced infection rates and improved hemoglobin levels.

3 The return on investment is the amount of money earned as a percentage of the total value of the assets invested.
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Annexes

Annex 1: Major Characteristics of the Studies Included in the MetaAnalyses

Author Title Type of Location | Age/Grade Sample Intervention Outcome
Study measures
Water and Sanitation for Health (WASH)
Adukia, Sanitation and Educatio| Multivariat | India Primary Annual administrative Presence of unisex latrines and | Enrollment,
2014 e analysis schoolage | schoollevel data sexspecific latrines Duration: attendance,
children academic years 2002 through 20 and dropout
rates
Freeman | Assessing the impact of| Cluster Kenya, primary Public primary schools 135 schools were randomly Attendance
et al., a schoolbbased water randomized| Nyanza | schoolage | randomly assigned to thrg assigned to 1 of 3 study arms aft
2012 treatment, hygiene and | trial, Province | children groups; 198 schools baseline evaluation: G1: hygiene
sanitation programme ol multivariat selected out of 1,084 in 4| promotion and water treatment
pupil absence in Nyanzg e analysis districts because they had (HP & WT); G2: HP & WT plus
Province, Kenya: a over 25 pupils per latrine.| sanitation (latrines); G3: the
clusterrandomized trial Out of those, 135 were | contrd group which received all
randomly skected for the | interventions at the conclusion of
study; 5,989 children the study 2,015 pupils in G1;
supplied absence 2,008 in G2; 2,013 in G3
information
Freeman, | The impact of a school | Cluster Nyanza | Schootage | 135 schools with nearby | In the wateravailable group 135 | Incidence
2013 based water supply and| randomized| province, | children dry-season water source | schools were randomly allocated| of diarrhea
treatment, hygiene, and| trial; Kenya attending | and 50 schools without | into one of three intervention arm
sanitation programme ol Multivariat school nearby water; school size| of 45 schools each: G1: hygiene

pupil diarrhoeaa
clusterrandomized trial

e regression
model

varies (100a 900 pupils);
surveys: 25 pupils
randomly selected from
register of gradesi8

promotion and water treatment
(HP&WT); G2: HP&WT plus
sanitation (latrines). G3: control
group. 50 watescarce schools
randomly assigned to two equal
groups getting (1) water supply
(WS) improvement plus HP&WT
and latrines or (2) contredchool

group
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Author Title Type of Location | Age/Grade Sample Intervention Outcome
Study measures
Garn et | A clusterrandomized Randomize | Nyanza | Primary Schools divided into 2 135 selected sample schools wel Enroliment
al., 2013 | trial assessing the impaq d control Province,| schoolage | groups based on access t assigned to three groups of 45
of school water, trial Kenya children water supply during the | each: G1: HP&WT; G2: HP&WT
sanitation, and hygiene dry season; 2 separate | and AN (latrines); and G3:
improvements on pupil randomized controlled control group. Enrollment data &
enrollment and gender trials; 135 randomly pre-intervention (2007) and two
parity in enroliment. selected schools, stratifie¢ following years (2008, 2009).
by district.
Greene et| Impact of a Schoel Randomize | Four Primary 135 public primary Schools randomly assigned to Hand
al., 2012 | Based Hygiene d control districts | schoolage | schools in 3 random three groups: hygiene protion contaminati
Promotion and trial of children groups and water treatment (HP&WT); | on with E
Sanitation Intervention Nyanza HP&WT plus latrines Coli
on Pupil Hand Province (HP&WT&SAN); and a control
Contamination in in group. Hand rinse samples were
Western Kenya: A Western analyzed for E coli presence at a
Cluster Randomized Kenya university laboratory
Trial
Talaat et | Effects of Hand Hygiene Randomize | Cairo, Primary 60 elementary schools oy Children in intervention schools | Attendance;
al., 2011) | Campaigns on Incidencq d control Egypt schootage | of a total of 725 schools irf were required to wash hands twiq diarrhea;
of Laboratoryconfirmed | trial children Caro: 30 in intervention | daily, and health messages were| conjunctivit
Influenza and and 30 in control group | provided through entertainment | is;
Absenteeism in activities. School nurses collecte( influenza
Schoolchildren, Cairo, nasal swabs from students with | like
Egypt influenzalike-illness. Duration: illnesses
12-weeks
Malaria
Barger et | Intermittent preventive | Randomized| Mali, Schootage | 296 school children Intermittent preventive treatment] Anemia
al., 2009 | treatment using control trial | Kolle children students received 2 full treatmen
artemisininbased district | (6113 doses, 2 months apart; IPT or
combination therapy years) placeboDuration: 11 months

reduces malaria
morbidity among schoel
agedchildren in Mali
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Author Title Type of Location | Age/Grade Sample Intervention Outcome
Study measures
Brooker | Impact of malaria Factorial Kenya, | Classes1 | 5,233 childrenin 101 Intermittent Screening and Anemia;
etal., control and enhanced | cluster Souther | and 5 government primary Treatment of malaria Duration: 24 school
2015 literacy instruction on randomized | n coast schools 24 months. months scores
educational outcomes | trial
among school children il
Kenya: a multisectoral,
prospective, randomised
evaluation
Clarke et | Edect of intermittent Randomized| Western| Schootage | 30 primary schools with | Schools randoig assigned to Anemia;
al., 2008 | preventive treatment of | , double Kenya | children 6,768 children; 3,535 treatment or dual placebo. school
malaria on health and | blind control children IPT; 3,223 Intermittent preventive treatment| scores
education in trial placebo children received 3 treatments at| sustained
schoolchildren: a cluster 4-month intervals. Duration: 12 | attention
randomised, double months
blind, placebecontrolled
trial
Fernando| A Randomized, Doubte | Randomizd | Sri Grades 1 to| 587 children; grades3 | At weekly school visits, one Language
etal., blind, Placebe , double Lanka, |5 in 4 schools; and resident| chloroquine tablet or placebo and
2006 Controlled Clinical Trial | blind control | souther in the area were randomly given to each child after a meal | mathematic
of the Impact of Malaria| trial n region assigned to chloroquine | under the direct supervision of a | s scores;
Prevention on the (n=295) or placebo ¢n research assistant or the teacher attendance
Educational Attainment 292) Duration: 9 months.
of School Children
Halliday | Impact of Intermittent Double Kenya, | Grades 1 5,233 children in 101 Schools randomly assigned to 4 | Anemia;
et al., Screening and Treatmet cluster souther | and 5 government primary equal sets of school groups; sustained
2014 for Malaria among randomized | n coast schools intermittent screening and attention;
School Children in trial. treatment for malaria. Duration: | language
Kenya: A Cluster 24 months and
Randomised Trial arithmetic
scores
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Annex 2: MGD Results Framework

McGovern-Dole

Results Framework #1

Improved Literacy
of School-Age Children

(MGD S01)
Improved Quali Improved
3 . Quality Improved -
of Literacy . Student
q Attentiveness
Instruction (MGD 1.2) Attendance
(MGD 1.1) ) (MGD 1.3)
. Increased Increased
More Improved Increased Increased Skills Economic and Reduced Improved Community
. Access to - . Reduced Increased
Consistent Literacy Skills and and Knowledge Cultural Health- School Under-
School . Short-Term . Student .
Teacher supplies & Instructionalj§ Knowledge of School Huneer Incentives Related Infra- Enroliment standing
Attendance MIJ:D ial Materials of Teachers Administrators (MGD fz 1) (Or Decreased Absences structure (MGD 1.3.4) of Benefits of
(MGD 1.1.1) {Mg[]e;li ;] (MGD 1.1.3) || (MGD 1.1.4) (MGD 1.1.5) - Disincentives) | | (MGD 1.3.2) | § (MGD 1.3.3) - Education
o (MGD 1.3.1) (MGD 1.3.5)
Increased Access Increased Use of Health and
to Food Dietary Practices
(School Feeding) (See RF #2)
(MGD1.2.1.1, 1.3.1.1) (MGD 502)
= Increased Capacity of Improved Policy and Increased Engagement
1 d o
Foundational Government Regulatory Gover:::z:tsiu o of Local Organizations
Results Institutions Framework (MGD 1.4 a?p and Community Groups
(MGD 1.4.1) (MGD 1.4.2) o (MGD 1.4.4)

A Note on Foundational Results: These results can feed into one or more higher-level results. Causal relationships sometimes exist
between foundational results.
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McGovern-Dole
Results Framework #2

Increased Use of Health and
Dietary Practices
(MGD S02)
A
| ] ] | ] ]
Improved Increased Increased R :ﬂr:f::sa: ‘teg
Knowledge of Knowledge of Increased Access to Access to Regquisite Food
Health and Safe Food Prep Knowledge of Clean Water Preventative (:’re and
Hygiene and Storage Nutrition and Sanitation Health Stora pe Tools
Practices Practices (MGD 2.3) Services e and quuipment
(MGD 2.1) (MGD 2.2) (MGD 2.4) (MGD 2.5) (MGD 2.6)
( ] P | \
) Increased Capacity Improved Policy and Increased Enga Ig:::::i: Local
Foundational of Government Regulatory Government Ogr inizations and
Results Institutions Framework =il Cor?'lmunity Groups
(MGD 2.7.1) (MGD 2.7.2) (MGD.7.3) (MGD 2.7.4)
\_ J

A Note on Foundational Results: These results can feed into one or more higher-level results. Causal relationships sometimes exist
between foundational results.



Annex 3. Analysis of Publication Bias

Publication bias refers to the selective publication of studies with a particular outedhse

greater likelihood that studies with positive results will be published, with the result that most
treatments tend to be less effective in practice than the research suggests (see, for instance,
Dickersin 1990 or Ferguson et al. 2012). Small studiesiathe greatest risk of being lost

because, with small sampjesly very large effects are likely to be significant and those with
small and moderate effects are likely to be unpublished. Large studies are likely to be published
regardless of statistitaignificance.

Funnel plots and Egger tests (Egger etl&l97) enable the quantification of publication bias.

Funnel plots provide a graphical depiction of publication bias, based on the rationale that small
studies are more likely to be unreportecdithal ar ge st udi es, a phenomeno
dr awer pr o-bxisemowing thé staamdard error corresponding to sample size, is

inverted with large studies measured at the(see funnel plots belowhe asymmetry in the

plot, as highligked by the lack of small sample studies which report findings below the average

effect at the vertical line, suggests evidence for publication bias.

In the absence of publication bias the studies will be distributed symmetrically throughout the
scatter pdt. In the possible presence of bias, the bottom of the plot would tend to show a higher
concentration of studies on one side of the plot than the other. The funnel plot can also be used to
identify outliers-- observations that are numerically distantrirthe rest of the data.

Identification of outliers in metanalysis can be used to conduct sensitivity anafysth and

without outliers.

Given the difficulties in accurately assessing asymmetry by visual inspection, statistical tests are
recommendedl he most widely used statistical test i
variables: (i) normalized effect estimate (matalysis estimate divided by its standard error),

and (ii) precision (reciprocal of the standard error of the estimate)teébhis based onsample

|l inear regression to test for intercept b0=0;
hypothesis that there is no funnel plot asymmetry). In this taseegression line will run

through the origin. If the intercept b deviates from zero (the origin), the deviatividgs a

measure of asymmetrythe larger the deviation from zero, the larger the asymmetry. (It is for

this reason tahato Egedenrdedt ¢ Dt aiss AiEgger 6s t est

The following two plots are from a biased and unbiased analysis, as reflected in their
corresponding funnel pl ots and Egger6s test s

Example of a biased analysis (effecnwdlaria intervationson educational and health outcomes
for all children described in this study):
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1 The effect sizes are not symmetrically distributed
T The Egger 6s test s{1.43679) isstdtistitallydifieeent framtzera c e p t
(P-value = 0.0991)

Funnel Plot of Standard Error by Point estimate
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Point estimate

Egger's regression intercept

Intercept -1.46374
Standard error 0.61815
95% lower limit [2-tailed) -2.69093
95% upper limit [2-tailed) -0.23655
t-value 2.36792
df 95.00000
P-walue [1-tailed) 0.00996
P-value [2-talled) 0.01991
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Example of an unbiased analysis (effect\bASH intervention on school absences for girls
described in this study):
1 The effect sizes are symmetrically distributed
1T The Egger 6s test s{0.45019) is hobsttisticalhddferenfiome r c e p t
zero (Rvalue = 096229

Funnel Plot of Standard Error by Mean

0.0
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o O
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2 03

0.4 t t

*
2.0 1.5 1.0 0.5 0.0 0.5 1.0 1.5 2.0
Mean

Egger's regression intercept

Intercept -0.45117
Standard error 2.45175
95% lower limit [2-tailled) -36.81611
95% upper limit [2-tailed) 3B.91377
t-value 0.05338
df 2.00000
P-value [1-tailed] 0.48114
P-value [2-taled] 0.96228

Assessing publication bias involves: (1) broadening the searchtotheadn| i shed fdAgrey
|l iteraturedo to reduce the bias; and-an@lysis condu
has made every attempt to nmmze the publication bias by conducting a thorough search for
non-published studies that included conference proceedings, technical reports, dissertations, and

t heses. Despite this effort, t hees#dtdindcael pl ot s

that publication bias could natwaysbe eliminated.

Assessing publication bigan also be conductédrough imputation of missing studies by using
Atri m and --faisdnditivity analysi$ npethodghat extends beyond the scope of this
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study. Another method of assessing thsafepotent
N, 0 the number of studi es whalslbeneetled ®ntreasei z e |
the Rvalue for the metanalysis to above 0.05. Howevtre Cochrane Handbook for

Systematic Reviews of I nterventions notes tha
use in Cochrane reviewso (Higgins et al. 2014

It is very important to note, however, that the presence of publication bias meéhe thaoled
effect sizes may be overestimated and the response ratio effe